Purpose: The aim of this study was to seek a relationship between the morphologic features of abdominal aortic aneurysms and the feasibility of endoaortic grafting. Methods: Between June 1995 and January 1996, 86 patients were prospectively studied with contrast-enhanced spiral computed tomographic scans, which provided 35 parameters concerning the aorta and iliac arteries. Four groups were established according to the diameter of abdominal aortic aneurysms: group A, 40 to 49 mm, 36 patients; group B, 50 to 59 mm, 26 patients; group C, 60 to 69 mm, 10 patients; and group D, greater than 70 mm, 14 patients.
The emergence of endovascular techniques in the treatment of abdominal aortic infrarenal aneurysms (AAAs) necessitates a new approach for assessing their morphologic characteristics. 1,2 Instead of the maximum diameter of the lesion, the most important items to define are the existence and length of upper (proximal) and lower (distal) necks and the ability to traverse iliac segments with the delivery system. Previous studies that have examined this same subject have focused on the existence and diameter of the upper and lower limits of the aneurysm, s s The aim of this study based on spiral computed tomography (CT) was to assess the overall morphologic characteristics of the AAA and to find a correlation between morphologic types and maximum diameter, with a view to establishing the feasibility of endovascular treatment.
P A T I E N T S A N D M E T H O D S
Patients. Data were prospectively collected between June 1995 and January 1996 in two different centers, each including a department of vascular surgery and a department of vascular radiology. All patients electively referred to these two centers with an aneurysm of 40 m m or greater maximum diameter were included in the study. Patients referred in an emergency, patients with ruptured AAAs, and patients with thoracic or thoracoabdominal aortic aneurysms were excluded from the study. There were 86 patients, 77 male and nine female, with an age range of 62 to 85 years (mean, 70.85 years).
C T scan evaluation. Contrast material-en- hanced spiral CT scans were obtained for 29 patients using a Somaton Plus (Siemens, Erlangen, Germany) with the following parameters: 8 mm collimation width, 1.5 pitch, and reconstructions every 4 mm. For the other 57 patients, the CT scans were obtained with a CT HSA (General Electric, Milwaukee) with the following parameters: 7 mm collimation width, 1.5 pitch, and reconstructions every 3 ram. One hundred twenty to 150 ml of concentrated contrast material (350 m g / m l ) were injected at a 3 ml/sec infusion rate with 30-to 35-second delay. Two-dimensional and three-dimensional reconstructions were performed routinely using Advantage Windows 2.0 (General Electric) and Somaris 2 (Siemens) reconstruction software. Two-dimensional reconstructions, either plane or curved, were routinely performed in" sagitral and coronal sections at the aortic level ( Figs. 1 and 2 ). Curved reconstructions, which are the manual reconstructions that allow the tortuosities to be followed by passing via the vascular lumen, were performed at the iliac artery level when necessary. These reconstructions used for measurement were completed by surface three-dimensional reconstruction, giving an arteriographic aspect, and by maximum intensity projection reconstruction. An ultrasound duplex scan of the aorta and the iliac and lower-limb arteries was performed in all patients; a digital substraction angiogram was obtained only for the 52 patients who underwent surgery. Data obtained from these last investigations were used only to assess the patency of the iliac arteries and were not used in the rest of the study concerning morphologic characteristics and diameters. Data concerning arterial branches arising from the aneurysm were obtained by CT scan.
Measurement. Thirty-one parameters were established (Table I) concerning morphologic characteristics of the aneurysm, the iliac arteries, patency of the inferior mesenteric artery, and existence of an abnormal renal artery arising from the necks or the aneurysmal sac. Diameters were measured perpendicular to the main axis of the aorta or common iliac August 1997 5 L_ 0~s /% Fig. 2 . A, Angles measured in the study--coronal section. B, Two-dimensional reconstruction allows measurement of the different parameters.
arteries. Neck diameters were measured between the two arterial walls. Concerning the aneurysmal sac, maximum diameter was measured between the arterial walls and minimum diameter of patent lumen inside the thrombus. The minimum length required to define a neck, when one was present, was 15 mm in the case of a proximal neck and 12 m m for a distal neck; the neck length was measured on aortic segments, and there should have been less than 2 mm variation in diameter between the two extremities of the neck. The c o m m o n iliac arteries were considered dilated when their diameter was greater than 15 mm. 6 The following angles shown in Figs. 1 and 2 were measured: ~1 and c~2 between the main axis of the proximal neck and the main axis of the upper part of the aneurysm, respectively, in coronal and sagittal section; ~3 and e~4 between the main axis of the distal neck or lower part of the aneurysm and the main axis of the right and left common iliac arteries, respectively; and ~5 and c~6 when there was an angle inside the aneurysmal sac in coronal and sagittal sections, respectively. When the distal neck lacked angles, c¢3 and ~4 were measured between the main common iliac axes and the bisecting line between these two axes. The different axes were determined depending on the patent lumen and not to the arterial wall.
Existence of an aneurysm of the common, external, or internal iliac arteries was reported, as well as the presence o f a stenosis ->50% or an occlusion o f the c o m m o n or external iliac arteries. Tortuosities o f the iliac arteries were evaluated by measurement o f the different angles and with the adjunct of three-dimensional reconstruction: the angles ~1, c~2, ~5, and ~x6 were considered as significant and reported in the results when greater than 30 degrees; the iliac tortuosities were considered as significant and reported when equal to or greater than 90 degrees.
Comparisons between groups were done using the X 2 test, and correlations were established using the nonparametric Spearman correlation coefficient, r Four groups of AAA were defined according to their maximum diameter: group A, 40 to 49 mm, 36 patients; group B, 50 to 59 mm, 26 patients; group C, 60 to 69 ram, 10 patients; group D, 70 mm and over, 14 patients.
R E S U L T S
Proximal neck. A proximal neck was present in 67.4% of patients for the overall series; the extremes were 80.5% in group A and 35.8% in group D (Table  II) . Presence of a neck was more frequent in group A (diameter less than 50 mm) than in other groups (p < 0.01) and was more frequent in groups A plus B (diameter less than 60 mm) than in groups C plus D (p < 0.01). The mean neck diameter was 21.53 mm in the overall series, with no significant difference between the different groups. The mean neck length was 29.33 mm and correlated with the diameter; correlation between neck length and the diameter of the aneurysm was negative, with a coefficient equal to -0 . 3 6 4 0 a n d p < 0.001 (Fig. 3) .
The neck was significantly longer in groups A plus B (diameter less than 60 mm) than in groups C plus D (p < 0.005). The angles between the axis of the neck and the axis of the aneurysm were measured in the coronal and then the sagittal plane; these angles were found in 8.1% of patients with a maximum of 91 degrees in the coronal plane and in 9.3% of patients with a maximum of 73 degrees in the sagittal plane ( Figs. 1 and 2 ).
Aneurysmal sac. Seventy-five percent of aneurysms had a diameter between 40 and 60 mm; the median value was 51.5 mm, whereas the mean maximum diameter was 54.36 mm (range, 40 and 90 mm); the mean minimum lumen diameter was 28.88 mm (Table III) . The mean aneurysm length was 82.73 ram. There was a positive correlation between length and diameter--the correlation coefficient was 0.544 (p < 0.0001; Fig. 4 ). There was a significant difference in length between groups A and B (diameter less than 60 mm) and groups C and D (p < 0.0005). An angle of the arterial lumen (c~5, el6; Fig.  2 ) greater than 30 degrees was observed in coronal and sagittal sections in 3.5% and 1.2% of patients, respectively. Distal neck. Present in 15.1% of patients in the overall series, the distal neck had a mean diameter of 20.43 mm and a mean length of 14.51 mm (Table  IV) . The presence of a distal neck was more frequent in groups A plus B (diameter less than 60 mm) than in groups C plus D (p < 0.01).
Iliac arteries. Including the aneurysmal lesions, the mean diameter of the right and left common iliac arteries were 16.76 and 16.40 mm, respectively. The mean angles between the aortic axis and the right and left iliac axis (a3 and 0~4; Figs. 1 and 2 Maximum diameter of the a n e u r y s m s mm significant when greater than or equal to 60 degrees in six and four patients, respectively; this situation was never observed simultaneously for the two angles (Table V) . Extension o f the aneurysm into the right and left c o m m o n iliac arteries was observed in 48.8% and 50% o f patients, respectively (Table VI) Maximum diameter of the aneurysms mm Table VI . Tortuosities that involved the c o m m o n or external iliac arteries were correspondingly more frequent the greater the diameter of the aneurysm (Table V) . Considering the presence of tortuosifies on at least one side, the differences between each group were significant (p < 0.05). Collateral branches. An abnormal renal artery (inferior polar) was observed in 10.4% of patients located inside or close to the proximal neck. The inferior mesenteric artery was patent in 62.3% of patients; the rate of patency was correspondingly lower the greater the diameter of the aneurysm: group A, 72%; group B, 65%; group C, 50%; group D, 43%. These differences were not significant.
Feasibility for endoaortic grafting. First, we assessed the feasibility of implanting tubular and bifurcated grafts on the basis of aortic and neck measurements (Table VII) . Second, we performed the same study taldng into account the iliac lesions: angles, tortuosities, stenosis, and dilatations (Table  VIII) .
The criteria for feasibility for a tubular graft were as follows: presence of two aortic necks without iliac graft, the criteria for the proximal neck were the same, and the c o m m o n iliac artery bifurcation had to be nonaneurysmal (maximum diameter, 15 mm). In both cases, one or both of the internal iliac arteries had to remain patent after the presumed endovascular grafting; endovascular grafting was not considered feasible in one patient according to this last criterion. Following these criteria, a tubular graft was considered as feasible in 10.5% of patients and a bifurcated graft in 51.2% of patients (Table VII) ; the rate of feasibility in the overall series was 61.6% (53 of 86 patients). If we considered groups A plus B (diameter less than 60 mm), the feasibility rate was 71% versus 37.5% in groups C plus D, and the difference was significant (p < 0.01).
Considering the consequence of iliac tortuosities and stenosis on feasibility and with the criterion for feasibility being to have at least one iliac axis free of tortuosity and stenosis, the endovascular procedure became nonfeasible in three patients (two in group A and one in group D) and the overall feasibility rate became 58.1% (50 of 86 patients). If we consider the presence of an isolated c o m m o n iliac artery aneurysm as a nonfeasibility criterion, endovascular grafting in seven of the 53 patients who was classified as feasible on the basic criteria was considered not feasible: four in group A, two in group B, and one in group C; the overall feasibility rate became 54.65% (47 of 86 patients). Finally, feasibility was calculated according to the more restrictive criteria (Table VIII) : lack of separated iliac aneurysm plus the presence of at least one iliac axis free oftortuosity and stenosis. Ten of the 53 patients in w h o m endovascular grafting was classified as feasible on the basic criteria were considered as nonfeasible; the overall feasibility rate then became 50% (43 of 86 cases).
D I S C U S S I O N
In this study, as in others, 5,s the spiral CT was used as a basic method for evaluating the morphologic characteristics of AAA and for assessing the feasibility of an endovascular treatment. This technique associating cross-sections with two-dimensional and three-dimensional reconstructions allowed all measurements and information to be obtained, including the evaluation of iliac tortuosities and the patency of the collateral branches of the abdominal aorta.
The duplex scan and angiogram were used only to assess a stenosis or occlusion of the iliac arteries. Conventional CT without a spiral device gives precise information and measurements on horizontal cross-sections, 3 but the two-dimensional reconstruc-tions are mediocre and the possibility of measuring angles and lengths is limited; moreover, the complete assessment of an AAA by this method needs a large amount of contrast material.
Magnetic resonance imaging should give the same information as spiral CT, but the complete screening of an AAA needs as long as 1 hour9; it is especially applicable in the case of renal insufficiency.
Arteriographic examination is invasive and needs contrast material. It is still considered by many as a preoperative requirement either for classical or endovascular surgery. Its main advantage is to visualize the collateral branches of the aorta and to explore the iliac arteries. Nevertheless, we have seen in this series as in others 1° that the spiral CT could visualize the collateral branches of the aorta and assess their patency; on the other hand, iliac artery obstructive disease may be explored by duplex, and results of patients having undergone AAA surgery with preoperative duplex screening have already been published, n Duplex scanning is the most frequently used screening device for diagnosis of AAA; however, it is not suited to giving a precise measurement of the different parameters studied in this series. As long as there is no clinical evidence to the contrary, this series and others allow us to conclude that spiral CT scanning is the most suitable basic method for exploring an AAA before endovascular grafting. 5,s,12 The classification proposed by May et al.~3 considers only the necks and the extension into the iliac artery and is based on aortic aneurysms all presented for endoaortic treatment. The results observed in our series did not lead to identification of different main types. Maximum diameter was the prime factor conditioning many other variables and feasibility and in such a way that the classification proposed and used in this series is realistic and more informative. However, it must be kept in mind that even some small aneurysms may not have a proximal neck and therefore cannot be treated by endovascular graft.
Common iliac artery dilatations were divided into two categories: aneurysmal extension observed on the right and left sides in 48.8% and 50% of patients respectively, and separate aneurysms that were observed in 10.4% and 8.1%, respectively. This division between extension and separate aneurysm may look artificial from a surgical point of view. This is a result of the narrowing that frequently exists at the origin of the common iliac arteries with a diameter of less than 15 mm. Nevertheless we have established that in the overall series only 40.7% of patients were free of iliac aneurysmal disease.
In our study we have taken into account not only the aneurysm morphologic characteristics but also the iliac artery parameters. The lesions observed at the lilac level may be considered as a relative contraindication for endovascular grafting. The stenosis may be dilated, and problems resulting from tortuosities or to a small lilac artery caliber may be relieved by an extraperitoneal approach, allowing implantation of a Dacron tube used to access the aorta. 14 It was observed in this series that a wide angle between one iliac artery and the aorta is always unilateral, allowing catheterization from the other side. Feasibility was evaluated theoretically independently of any type of device currently known and was based only on anatonaical considerations. It could be estimated that this feasibility is equal to 61.6% of patients in an optimistic hypothesis and to 50% of patients in a less-optimistic hypothesis when considering the possible contraindications resulting from iliac artery lesions. Nevertheless, these numbers are purely theoretical and will have to be reconsidered in the future with the benefit of clinical experience.
This study has demonstrated the correlation that exists between the presence of a proximal neck, the length of the proximal neck, the presence of a distal neck, the iliac tortuosities, and the maximum diameter of the AAA. As a consequence, the feasibility of endoaortic graft looks greater for aneurysms less than 60 mm.
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